Objectives: The aim of this study was to evaluate the effect of serum triglycerides on the development of multiple or persistent organ failure in patients with acute pancreatitis.
clinical course of acute pancreatitis can vary from a relatively mild, self-limited illness to a more severe disease complicated by persistent or multisystem organ failure.
Elevated triglyceride levels are an established risk factor for acute pancreatitis, with hypertriglyceridemia accounting for 1% to 10% of all cases of acute pancreatitis. 2, 3 The incidence of acute pancreatitis has been shown to increase by the level of baseline hypertriglyceridemia. 4, 5 However, the relationship between hypertriglyceridemia and severity of the clinical course of acute pancreatitis remains controversial. Several studies have indicated a relationship between hypertriglyceridemia and pancreatitisassociated complications. [6] [7] [8] [9] However, not all studies have shown a difference in clinical course by level of serum triglycerides. 10, 11 The purpose of this study was to further characterize the relationship between serum triglyceride levels and clinical outcomes in a large cohort of patients admitted for acute pancreatitis in a regional community-based population. Our specific study aims were to (1) evaluate the relationship between baseline serum triglycerides and levels measured in the hospital setting and to (2) determine the relationship between elevated serum triglycerides and pancreatitis-related complications (multiple or persistent organ failure).
MATERIALS AND METHODS

Study Design and Setting
A retrospective cohort study was conducted using data from the Kaiser Permanente Southern California (KPSC) health care system and Research Data Warehouse. Kaiser Permanente comprises 7 regions, of which Southern California is one of the largest, including 14 acute care hospitals, more than 200 medical offices, and over 4 million health plan members. The institutional review board of KPSC approved this study.
Study Population
Kaiser Permanente Southern California patients aged 18 years or older who were hospitalized due to acute pancreatitis, defined using the International Classification of Diseases, Ninth Revision code (577.0), between January 1, 2006 and December 31, 2013, were identified. For patients with multiple admissions during the study period, only the first admission was selected. Patients were excluded if they (1) did not have serum lipase levels greater than or equal to 3 times the upper limit of the reference range during the index hospitalization or (2) were missing a measurement of serum triglycerides during the index hospitalization.
Definition of Variables
Baseline (prehospitalization) serum triglyceride level was defined as the most recent serum triglyceride measured within the year before the development of acute pancreatitis. The inpatient triglyceride level was defined as the initial serum triglyceride measurement obtained during the first 72 hours of the index hospitalization.
Serum triglyceride levels were analyzed initially as a continuous variable and subsequently as a categorical variable in multivariable analyses using thresholds established by the Adult Treatment Panel III guidelines (normal, <150 mg/dL; borderline high, 150-199 mg/ dL; high, 200-499 mg/dL; and very high, ≥500 mg/dL). 12 
Outcome Assessment
Organ failure was defined according to the Modified Marshall Criteria. 13 In addition to the established criteria, organ failure was also defined by hypoxemia (oxygen saturation: <90%, measured on 2 occasions within a 6-hour period) or hypotension (systolic blood pressure: <90 mm Hg, measured on 2 occasions within a 6-hour period).
The primary study outcome was a composite of either multiple organ failure (organ failure involving 2 or more organ systems during the hospitalization) or persistent organ failure (organ failure lasting ≥48 hours or the need for mechanical ventilation or hemodialysis), because both are important markers of disease severity in the Revised Atlanta Classification system.
14 Secondary study outcomes included length of stay and in-hospital mortality.
Additional Covariates
Other variables included established etiologies of acute pancreatitis ( [1] alcohol use, either self-reported from previous outpatient visits or any reported history of alcohol use in the year before or the year after index hospitalization; [2] 
Data Analysis
Categorical variables are presented as counts and percentages, whereas continuous variables are reported as means and standard deviations. The demographic and clinical characteristics of patients with or without multiple/persistent organ failure were compared using a χ 2 or Fisher's exact test for categorical variables and a t-test or Wilcoxon rank-sum test for continuous variables. Shapiro-Wilk normality test was used to test the parametric assumption for testing on continuous variables. The relationship between inpatient triglyceride level and the composite outcome (multiple or persistent organ failure) was examined using univariate and multivariable robust Poisson regression. 15, 16 The crude and adjusted relative risks (RRs) of developing the composite outcome and the 95% confidence intervals (CIs) were estimated to evaluate the effect of inpatient triglyceride level on the outcome, adjusting for age and sex. Although a logistic regression is well suited for the outcome analyzed, the application of a robust Poisson model allowed the direct estimation of RRs.
The relationship between the baseline triglyceride measure and the inpatient measure was examined by Spearman correlation coefficient and displayed with a scatterplot. To examine the patterns of serum triglyceride measures in patients with and without the outcome, we took the maximum serum triglyceride level within each 12-hour window (up to 72 hours after hospitalization) per patient and plotted the mean maximum measure among patients with and without the composite outcome.
All reported P values are two-sided with a significance level of 0.05. All statistical analyses were conducted in Statistical Analysis System (SAS) version 9.3 (SAS Institute Inc, Cary, NC).
RESULTS
A total of 5981 patients met criteria for hospitalization for acute pancreatitis during the study period. Of these, 2519 patients (42.1% of total hospitalized patients) had serum triglycerides measured at least once during hospitalization, and all further study analyses were based on this sample of 2519 patients (Fig. 1) . For comparison purposes, study population characteristics of the analytic sample are presented alongside those patients who did not have serum triglycerides measured (see Supplemental Table 1 , http:// links.lww.com/MPA/A596).
Overall inpatient mortality in the study cohort was 31 (1.2%) and median length of stay was 5 days (interquartile range [IQR], [3] [4] [5] [6] [7] [8] . Baseline demographic and clinical characteristics of the study population classified by organ failure status are presented in Table 1 . A total of 790 patients (31.4%) had an elevated triglyceride level (≥150 mg/dL), including 231 patients with a triglyceride level greater than or equal to 500 mg/dL. There were a total of 267 patients (10.6%) who developed any organ failure. Among these, 75 patients (28.1%) developed multiple system organ failure and 82 patients (30.7%) developed persistent organ failure. Among patients with persistent organ failure, 54 (65.8%) had multiple organ system failure. Patients who developed organ failure were more likely to be older, male, former tobacco users, and have had a history of diabetes mellitus, compared with patients who did not develop organ failure.
Baseline Versus Inpatient Serum Triglyceride Levels
There were 1009 patients (40.1%) with both baseline (prehospitalization) and inpatient triglycerides available for comparison. As shown in Figure 2 , within this subgroup there was a significant correlation between peak baseline triglyceride level Triglycerides in Acute Pancreatitis and initial inpatient triglyceride level (Spearman rank correlation: 0.612, P < 0.01). Table 2 provides the distribution of patients with a baseline triglyceride of less than 500 mg/dL or 500 mg/dL or higher, measured in the year before hospitalization, by categories of inpatient serum triglyceride levels. Approximately 8% of patients had very high inpatient serum triglyceride levels (>500 mg/dL). The majority of these patients (59.5%) also had a very high previous measurement in the year before hospitalization.
Profile of Initial Serum Triglyceride Levels in Acute Pancreatitis
Within the study sample, 96% of initial serum triglyceride levels were collected within 72 hours (92.3% within 24 hours, 94.5% within 48 hours, and 96% within 72 hours). Serum triglyceride values stratified by organ failure status in the first 72 hours of admission are presented in Figure 3A , B. Within the first 12 hours of admission, there was an initial difference in triglyceride levels between patients who would later develop organ failure, compared with those who did not. However, by 72 hours into admission, serum triglyceride levels seemed to converge across the various groups.
Relationship Between Triglyceride Level and Clinical Outcomes
In a univariate analysis, increased initial serum triglyceride level was associated with elevated risk of the primary study In multivariable robust Poisson regression adjusting for age and sex, both high (200-499 mg/dL) and very high (>500 mg/dL) initial triglyceride levels were associated with increased risk of MOP (RR, 2.16; 95% CI, 1.28-3.65 and RR, 2.13; 95% CI, 1.11-4.07, respectively) when compared with patients with normal baseline levels ( Table 3) .
DISCUSSION
In this regional, population-based, cross-sectional study of patients hospitalized for acute pancreatitis, we have confirmed that even modest elevations in initial serum triglyceride levels (>200 mg/dL) were associated with increased risk of MOP (composite outcome). The majority of patients with very high inpatient triglyceride levels (>500 mg/dL) also had a history of elevated triglyceride levels in the year before hospitalization. Interestingly, patients who developed organ failure had elevated serum triglyceride levels within the first 12 hours of hospitalization with subsequent decrease over time. Elevated triglyceride levels are an established risk factor for acute pancreatitis, with hypertriglyceridemia accounting for 1% to 10% of all cases of acute pancreatitis. 2, 3 The incidence of acute pancreatitis has been shown to increase by the level of baseline hypertriglyceridemia. 4, 5 However, the relationship between hypertriglyceridemia and severity of the clinical course of acute pancreatitis remains controversial.
Findings from the present study support and extend previous work in this area. Several studies have indicated a relationship between hypertriglyceridemia and pancreatitis-associated complications. [6] [7] [8] [9] For example, a recent study of 400 patients with acute pancreatitis demonstrated an independent association between elevated triglyceride levels and persistent organ failure. The increased risk of persistent organ failure was proportional to the degree of hypertriglyceridemia within 72 hours of admission. 9 However, not all studies have shown a consistent difference in clinical course by level of serum triglycerides. 10, 11 The findings presented here provide further support for the relationship between inpatient hypertriglyceridemia and risk of MOP in a regional populationbased cohort of patients with acute pancreatitis. Although it is established that severe elevations in serum triglyceride levels can lead to acute pancreatitis, the relationship between mild-to-moderate elevations of triglycerides with acute pancreatitis initiated by other primary factors (eg, gallstones, alcohol) is less well understood. Elevated serum triglycerides have been postulated to further pancreatic injury as a result of hydrolysis by pancreatic lipase, leading to formation of free fatty acids. 17 Experimental evidence suggests that free fatty acids can induce direct injury to acinar cells through several potential mechanisms including impaired mitochondrial adenosine triphosphate activity 18 or lipid peroxidation of the acinar cell membrane. 19 It is not clear, however, whether elevated triglyceride levels consistently precede the development of acute pancreatitis or whether acute pancreatitis itself can lead to elevated triglyceride levels. In our study, patients who developed organ failure were more likely to be former tobacco smokers. We do not have a clear explanation for this finding, but speculate that perhaps chronic exposure may increase susceptibility of organs to inflammation, injury, or failure. Interestingly, we noted an initial elevation of serum triglyceride levels (within 12 hours of hospitalization) among patients who developed organ failure. This was then followed by an overall decrease in triglyceride level during the subsequent hospital course, suggesting an initial proinflammatory/toxic effect leading to downstream complications even in the absence of persistent elevation of triglyceride levels.
Strengths of the present study include the relatively large number of consecutive patients with acute pancreatitis with inpatient as well as previous serum triglyceride levels available for analysis. In addition, the study setting within a regional community-based health care setting is in contrast to many of the previous studies that were conducted solely within academic referral centers and included a large proportion of patients transferred from other institutions. Finally, we were able to incorporate both administrative and clinical parameters to improve the accuracy for both case identification as well as outcome assessment.
Our findings suggest an opportunity for primary prevention of hypertriglyceridemia-associated acute pancreatitis, because approximately 60% of patients with triglyceride levels greater than 500 mg/dL had similarly high magnitudes of hypertriglyceridemia in the year preceding hospitalization for acute pancreatitis. In addition, the prevalence of diabetes was higher among patients with transient, persistent, or multiple organ failure compared with those who did not develop organ failure. This suggests that future investigation into the role of the metabolic syndrome and its relationship to the mechanism of hypertriglyceridemia-associated acute pancreatitis may be worthwhile.
There are several limitations to the present study. Most notably, serum triglyceride levels were obtained in the context of routine clinical care at the discretion of the health care provider. As a result, the study cohort represents a selected subgroup of patients with acute pancreatitis. In addition, the overall frequency of organ failure in the present study cohort was lower than other series originating from tertiary referral centers. 9, 20 This likely reflects the community-based nature of the study cohort. Despite the overall study size, the relatively small number of clinical outcomes limited our ability to incorporate additional covariates into the multivariable analyses. In addition, there were relatively few patients with repeated measurement of serum triglycerides during their hospitalization, which limited our ability to evaluate the effect of changes in serum triglyceride levels on clinical outcomes. As more data are reported demonstrating the importance of triglyceride levels in the outcomes of patients with acute pancreatitis, perhaps more clinicians will start to include triglyceride levels in their assessments of these patients.
In summary, we have confirmed that hypertriglyceridemia during the early phase of acute pancreatitis is associated with increased risk of multisystem or persistent organ failure. Even modest levels of initial serum triglyceride elevation (≥200 mg/dL) were associated with increased risk of these outcomes. These findings indicate that elevated serum triglycerides may not only induce acute pancreatitis but also exacerbate the disease course, prompting a transition from mild interstitial disease to severe pancreatitis complicated by MOP.
